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Abstract 
This thesis work was a part of Halmstad University’s Mechanical Master 

programme curriculum done in favour of ABB Alingsås. Our industrial partner 

produces and manufactures low voltage electrical distribution cabinets, connectors 

and switch gears. This project is focused on specific electrical connector used in 

ABB’s trademark cabinets.  

These electrical connectors serve as both the input and output points for the 

distribution cabinets. The product under scope is an extension connector called 

ADI3M which is used in conjunction with the large sized cable connectors 

(AD300). This is a sequential design optimization activity performed after the 

redesigning of the AD300 to ensure interface compatibility and also aimed at 

opportunistic cost reduction. The ADI3M should provide design compatibility with 

both old and new AD300 connector designs along with the comfortable interfacing 

inside the CDC and SDC cabinets. 

With the design process and concepting knowledge gained from the course work in 

Halmstad university along with the ABB’s industrial exposure towards the power 

supply networks we proposed four different design concepts. These design concepts 

were then evaluated against interface compatibility, cost aspects, manufacturing 

readiness, mechanical strength, heat generation and electricity conduction 

properties. Among the product development techniques, we applied QFD process 

to generate the concepts, waterfall method to frame the engineering design process 

flow and morphological matrix to select the generated concepts. We then changed 

the raw material from brass to aluminium and extrusion process due to its beneficial 

properties compared to brass and copper with various other reasons explained 

clearly in the thesis content. For the plastic cover we preferred poly-carbonate due 

to requirements such as transparency, stiffness, etc. Two of the best feasible 

concepts were selected and the design proposals were prototyped using 3D printing 

technology. The 3D printing method used was fused deposition modelling (FDM). 

Later machined aluminium prototypes were then produced for the metal 

subcomponents to do real time strength analysis and interface checks. We 

performed a theoretical product strength analysis using ANSYS19.2. Then results 

were then evaluated, and the final concept was chosen according to the factors such 

as cost impact, easy installation and comfortable inter-component clearance. 

Finally, the prototypes were tested for IP rating fulfilment and compatible interfaces 

with adjacent components.  

The consecutive activities to be done out of thesis scope is to conduct mechanical 

and tests and record the performance. The future scope of this project is to develop 

a hybrid design combining the AD300 and ADI3M connectors which would enable 

easy product handling, simplified functionality and further reduce cost.  
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1. INTRODUCTION 
In this chapter the background to the thesis project is presented and elaborated upon. 

This thesis work is related to the low voltage electricity distribution cable networks. 

It involves design and development of electrical connectors used inside the 

distribution cabinets along the low voltage electricity supply lines.  Basically, the 

high voltage electric current transmitted from the power plants are stepped down to 

low voltage power source before being supplied to the various consumer 

establishments. This low voltage current is then distributed through multiple 

electric cables to each consumer points. This current distribution is done via 

specifically designed distribution cabinets and its comprising electrical parts. This 

project focused electrical connectors are a part of modular system which is used to 

secure excellent connection between the cable and the bus bars across the three-

phase electric system. These connectors serve as both the input and output points 

for the distribution cabinets. There are different ranges of connectors available 

depending on the range of the current (in Amperes) to be transferred. This broad 

range of connectors are designed to connect various cable cross sections of 1.5mm² 

to 400mm². And these connectors come with plastic insulation (IP 2X classified) 

for the 3-phase line and without insulation for the earthing line.  

1.1 Background 

This project work on electrical connector is a part of design optimization and cost 

reduction initiative planned by the ABB R&D team for the current financial year. 

The product to be developed is the extension connector called as ADI 3M. This is 

an additional connector part used along with the main AD300 series connectors 

during specific applications. Due to comparatively large size of the main connector 

AD300 series, it is essential to have extension connector along with AD300 to be 

able to fix it to the bus bars in a straight alignment. The redesign of this extension 

connector is a sequential project activity to the initial design optimization done for 

the main AD300 series connectors. Now this project intends to redesign and 

develop the ADI 3M connector in accordance with the new design of the AD300 

series connectors to be able to make a compatible interface. The project also focuses 

on the cost reduction possibilities during the product development process. 

1.1.1 Presentation of the client 

The ABB facility in Alingsås develop, manufacture and market a broad range of 

cable accessories, switching devices and enclosures for low voltage electrical 

distribution network. The client’s main group of customers include power supply 

companies, network companies, industrial establishments and OEM’s. The primary 

area of expertise are electrical connections in cable systems and control of electric 

field. This production facility falls into the Electrification Business of ABB 

corporation. ABB Sweden is certified with ISO9001(Quality), 

ISO14001(Environmental), ISO45001(Work environment) and ISO50001(Energy) 

certified production facility with over 100 working faculties. 
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1.2 Aim of the Project 

The scope of the project involves redesigning of the subcomponents, identifying 

alternate material and manufacturing method, prototyping and testing for functional 

ability. The results of the project are aimed at creating a sustainable product and 

achieving nominal percentage of cost reduction as per company projected targets. 

The outcome of the project would be successful implementation of the new part 

into overall product supply chain. 

1.2.1 Problem definition  

The driving factor for this project work is the need to develop a compatible 

extension connector design to be able to perfectly fit the AD300 series connectors 

considering all the functional & installation constraints and effectively reduce the 

overall product cost of ADI 3M. 

1.3 Limitations 

The limitations to be considered while developing the product design are 

• The design should be able to satisfy the recommended IP2X rating. 

• The design should be adaptive to be able to use this ADI 3M connectors in 

different sized cabinet enclosures 

• The design should be compatible with both the old and new AD300 series 

connectors. 

• The design should be robust and sustainable to withstand the product usage 

span of around 10 to 20 years. 

• The design should be aligned to the ABB GD&T recommendations and 

manufacturing feasibility of the part suppliers. 

1.4 Individual Responsibility and Efforts during the Project 

The thesis work was equally shared and performed by both the team members. Most 

of the design work was done by Gowtham Prasath and Vinay Kumar was 

responsible for organising team meetings, delivering constant updates to the 

supervisor and some part of the design work like concept generation etc. The 

decisions made during the thesis work were taken only after complete satisfaction 

of the work from both of us.    

1.5 Study Environment 

The thesis work was carried out at ABB, Alingsås. Both of us got full access during 

working hours in the production facility. Various qualitative and quantitative 

methods including design for manufacturing were discussed to reach to a consensus 

between the students, academic supervisor and company representatives. Various 

solutions for improvement in system were discussed. The most effective and simple 

solutions were then selected. The team independently proposed methods to measure 

the processes and independently carried out measurements under the supervision of 

both the mentors; from ABB Alingsås and from Halmstad University. 
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2. Theory 
In this chapter, the body of research upon which the thesis is based is reviewed. 

The main subjects of interest are studied and explained. It explains methods and 

techniques which are being adopted by the members for successful completion of 

the project while neglecting the methods which were not useful for the project work 

or which couldn’t be carried out due to few restrictions. 

 

2.1 Quality function Deployment 

 

Figure 2-1: The House of QFD (Ullman, 2010, p. 147) 

Quality Function Deployment (QFD) is a systematic process to integrate customer 

requirements into every aspect of the design and delivery of products and services. 

Understanding the customers wants or needs from a product or service is crucial to 

the successful design and development of new products and services. QFD is a 

system that utilizes customer demands to meet client missions by outlining what 

the customer wants in a service or product (Uppalanchi, 2010). Quality functional 

Deployment (QFD) is the most popular technique used to generate engineering 

specifications. QFD was developed in Japan in mid-1970’s (Ullman, 2010, p. 145). 

It is organised to develop major pieces of information necessary to understanding 

the problem: 

• Hearing the voice of the customers  

• Developing the specifications or goals for the project 

• Finding out how the specifications measure the customer’s desires  

• Determining how well the competition meets the goals 

• Developing numerical targets to work toward 

Some important points to remember before using the technique for understanding a 

design problem (Ullman, 2010, p. 146): 
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• No matter how well the design team thinks it understands a problem, it 

should employ the QFD method for original design or redesign projects. 

• Customer’s requirements must be translated into measurable design targets 

for identified critical parameters. 

• It can be applied to entire problem and any subproblem. 

• It is important to first worry about what needs to be designed and, only after 

that is understood, to worry about how the design will look and work. 

We couldn’t use QFD as the customer initially gave requirements and specification 

for the design. 

 

2.2 Engineering Product development Process 

a) Engineering Design process prescribed by Pahl (G. Pahl, 2007, p. 131) 

 

Figure 2-2: The Engineering design Process (G. Pahl, 2007, p. 130) 



 

5 
 

1) Planning and Task Clarification: 

Irrespective of whether the task is based on a product proposal stemming from a 

product planning process or on a specific customer order, it is necessary to clarify 

the given task in more detail before starting product development. The purpose of 

this task clarification is to collect information about the requirements that must be 

fulfilled by the product, and about the existing constraints and their importance.   

This activity results in the specification of information in the form of a requirements 

list that focuses on, and is tuned to, the interests of the design process and 

subsequent working steps. 

 

2) Conceptual Design: 

The conceptual design phase consists of several steps, none of which should be 

skipped if the most promising principle solution is to be found. In the subsequent 

embodiment and detail design phases it is extremely difficult or impossible to 

correct fundamental shortcomings of the solution principle. A lasting and successful 

solution is more likely to spring from the choice of the most appropriate principles 

than from exaggerated concentration on technical details.  

 

3) Embodiment Design: 

During this phase, designers, starting from a concept (working structure, principle 

solution), determine the construction structure (overall layout) of a technical system 

in line with technical and economic criteria. Embodiment design results in the 

specification of a layout. 

It is often necessary to produce several preliminary layouts to scale simultaneously 

or successively to obtain more information about the advantages and disadvantages 

of the different variants. 

 

4) Detail Design: 

This is the phase of the design process in which the arrangement, forms, dimensions 

and surface properties of all the individual parts are finally laid down, the materials 

specified, production possibilities assessed, costs estimated, and all the drawings 

and other production documents produced. The detail design phase results in the 

specification of information in the form of production documentation. 

 

5) Overall design Process: 

The main themes of the engineering design process are: 

• Optimisation of principle 

• Optimisation of layout 

• Optimisation of Production 

 

b) Engineering Design process by Ulman (Ullman, 2010, pp. 113-116) 

Waterfall was first iteration by NASA which is used to organize and facilitate the 

activities in teams. The main activities, decisions, perceptions, records, 

documentations and analysis of each stage must be done to open the gate for the 
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next stage. This type of progressive method has many advantages for short time 

developments, huge and complex organizations and for multidisciplinary projects. 

The logic behind it is that every stage in this method is like a smaller project and in 

fact stages of a project are its sub-projects with a strong linkage that all output of 

one stage is the input of next stage. Furthermore, by utilizing stages and gates the 

team assures that in each step all the tasks have been done and the chance of missing 

points would decrease (Ullman, 2010, p. 113). 

 

Figure 2-3 The waterfall model (Ullman, 2010, p. 114) 

Product Discovery: Usually product is discovered through Market, Technology, 

customer need or demand but product is based on the company's demand and 

keeping them as a perspective in designing the product as explained in the 

Introduction and customers are our Children (Generating product development plan 

and scheduling).example Gantt chart  

Project planning and product definition: We tried to understand the concept of 

designing a train by allowing the information, energy and material to flow based 

the product function as explained in the Design brief slide by understanding the 

design problems and product requirements.  

Conceptual design: Based on the previous stages as a reference, we started to take 

inspiration on various kinds of train and their Shapes considering our customer and 

stake holders view selection of the best conceptual design through various tools like 

SWOT, Brainstorming, Decision Matrix, came up with different concepts as 

explained in the concepts slide.  
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Product development: The product is developed based on the conceptual design 

through CAD software and manufactured through Hand laid GRP (Fiberglass), 

Gelcoat 3-layer mat reinforced by laminate.  

Product support: We must design a train by considering the service support of the 

product into consideration like for example the design of the train should be 

sustainable so that replacing the damaged parts will not affect the entire body. 

c) The Product development process (Eppinger, 2012, p. 15 & 16) 

 

Figure 2-4 Product development process (Eppinger, 2012, p. 14) 

Planning: The planning activity is often referred to as “phase zero” because it 

precedes the project approval and launch of the actual product development 

process. This phase begins with opportunity identification guided by corporate 

strategy and includes assessment of technology developments and market 

objectives. The output of the planning phase is the project mission statement, which 

specifies the target market for the product, business goals, key assumptions, and 

constraints. 

Concept development: In the concept development phase, the needs of the target 

market is identified, alternative product concepts are generated and evaluated, and 

one or more concepts are selected for further development and testing. A concept 

is a description of the form, function, and features of a product and is usually 

accompanied by a set of specifications, an analysis of competitive products, and an 

economic justification of the project. 

System-level design: The system-level design phase includes the definition of the 

product architecture, decomposition of the product into subsystems and 

components, and preliminary design of key components. Initial plans for the 

production system and final assembly are usually defined during this phase as well. 

The output of this phase usually includes a geometric layout of the product, a 

functional specification of each of the product’s subsystems, and a preliminary 

process flow diagram for the final assembly process. 

Detail design: The detail design phase includes the complete specification of the 

geometry, materials, and tolerances of all the unique parts in the product and the 

identification of all the standard parts to be purchased from suppliers. A process 

plan is established, and tooling is designed for each part to be fabricated within the 
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production system. The output of this phase is the control documentation for the 

product the drawings or computer files describing the geometry of each part and its 

production tooling, the specifications of the purchased parts, and the process plans 

for the fabrication and assembly of the product. Three critical issues that are best 

considered throughout the product development process, but are finalized in the 

detail design phase, are: materials selection, production cost, and robust 

performance. 

Testing and refinement: The testing and refinement phase involves the 

construction and evaluation of multiple preproduction versions of the product. Early 

(alpha) prototypes are usually built with production intent parts with the same 

geometry and material properties as intended for the production version of the 

product but not necessarily fabricated with the actual processes to be used in 

production. Later (beta) prototypes are usually built with parts supplied by the 

intended production processes but may not be assembled using the intended final 

assembly process.  

Production ramp-up: In the production ramp-up phase, the product is made using 

the intended production system. The purpose of the ramp-up is to train the 

workforce and to work out any remaining problems in the production processes. 

Products produced during production ramp-up are sometimes supplied to preferred 

customers and are carefully evaluated to identify any remaining flaws.  

 

2.3 IP Rating 

The IEC (International Electrotechnical Commission) is a worldwide organization 

for standardization comprising all national electrotechnical committees (IEC 

National Committees). The objective of the IEC is to promote international co-

operation on all questions concerning standardization in the electrical and electronic 

fields. To this end and in addition to other activities, the IEC publishes International 

Standards. Their preparation is entrusted to technical committees; any IEC National 

Committee interested in the subject dealt with may participate in this preparatory 

work. International, governmental and non-governmental organizations liaising 

with the IEC also participate in this preparation. The IEC collaborates closely with 

the International Organization for Standardization (ISO) in accordance with 

conditions determined by agreement between the two organizations. (ANSI, 2004) 

The IP codes are used to define protection against the ingress of solid foreign 

objects and water with harmful effects. Since the IP code is used for all equipment 

annex B of the IEC standard gives instructions to technical committees for applying 

IP codes. The protection against the ingress of solid foreign objects is also used as 

a means of specifying protection against accidental contact with live parts and 

therefore serves two different but related purposes. (IEx, n.d.) 

IP (Ingress Protection Marking) ratings are defined in International standard 

EN60529. They are used to define levels of sealing effectiveness of electrical 

enclosures against intrusion from foreign bodies (tools, dirt etc.,) and moisture.   

The numbers that follow IP each have a specific meaning. The first indicates the 
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degree of protection (of people) from moving parts, as well as the protection of 

enclosed equipment from foreign bodies. The second defines the protection level 

that the enclosure enjoys from various forms of moisture (drips, sprays, submersion 

etc). (Enclosure, n.d.) 

IP rating code breakdown:  

• First digit: Solid particle protection (0 to 6 or letter X) 

• Second digit: Liquid ingress protection (0 to 9 or letter X) 

• Additional letters (D-wire, f-oil resistant, H-High voltage device, M-Device 

moving during water test, S-Device standing still during water test, W-

weather conditions) 

X means there is no data available to specify a protection rating regarding this 

criterion.  

 
Table 2-1 Classification of IP 

CLASSIFICATION OF INGRESS PROTECTION 

IP First number (Solid protection) IP Second number (liquid 

protection 

0 No protection indulged 0 No protection indulged 
1 Protection against solid up to 

50mm (eg. Touching or holding 

by hand) 

1 Protection against water droplets 

2 Protection against solid greater 

than 12.mm (eg. Touching by 

fingers) 

2 Protection against water drops 

when the object is at 15-degree 

tilt 

3 Protection against solid greater 

than 2.5mm (eg. Accessing by 

screw drivers) 

3 Protection against water spray 

when sprayed from 60-degree 

angle 
4 Protection against solid greater 

than 1mm (eg. Accessing by 

small wire) 

4 Protection against splashing water 

from any direction  

5 Dust protection limited up to non-

harmful dust deposits 

5 Protection against water jets from 

any direction. Limited ingress 

permitted 
6 Dust tight. No ingress of dust 6 Protection against powerful water 

jets and temporary flooding 

 7 Protection against temporary 

water submersion at 0.15 to 1 

meter from about 30 minutes 

8 Protection against permanent 

water submersion. Case specific 

ingress permitted. 
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Figure 2-5: IPX Codes Explanation Chart (Online, 2019) 

 

2.3.1 IP2X rating 

IP2X rating means protection against ingress of solid foreign objects and water is 

not required and access to hazardous parts is protected for incidental contact with 

fingers. IP2X protection against approach by fingers cannot be penetrated by solid 

object 0.79in (12mm) or more in diameter.  

 
Table 2-2: Degree of Protection (Online, n.d.) 

Access to hazardous parts with finger. A jointed test finger of 12mm Ø, 80mm 

length, shall have adequate clearance 

from hazardous parts. 

Solid foreign objects of 12.5mm Ø. An object probe, sphere of 12.5 mm Ø, 

shall not fully penetrate. 

 

This is the IP testing finger specimen developed as prescribed by IEC60529 

standards which is used for testing of the electrical products. 

Figure 2-6 Standard IP testing tool used in ABB 
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2.4 Aluminium  

Aluminium is a light, conductive, corrosion-resistant metal with strong affinity for 

oxygen. This combination of properties has made it a widely used material.  

Aluminium is second most widely used metal in the world today. Aluminium is one 

of the most important metals used by modern societies. Aluminium’s combination 

of physical properties results in its use in a wide variety of products, many of which 

are indispensable in modern life. Because of its lightweight and electrical 

conductivity aluminium wire is used for the long-distance transmission of 

electricity. Aluminium is a lightweight, durable metal. It is silvery in appearance 

when freshly cut, is a good conductor of heat and electricity, and is easily shaped 

by moulding and extruding. There are two main advantages of aluminium when 

compared to other metals. Firstly, it has low density, about one-third that of iron 

and copper. Secondly, although it reacts rapidly with the oxygen in air, it forms a 

thin, tough and impervious oxide layer that resists further oxidation. This removes 

the need for surface-protection coatings such as those required with other metals, 

with iron. (Gandara, 2012) 

Advantages of Aluminium (Technical, 2009): 

• Lightweight: It is one of the lightest available commercial metals with a 

density approximately one third that of steel or copper. 

• Excellent Corrosion Resistance: Due to this layer of aluminium oxide that 

forms on the surface of aluminium when it is exposed to air has excellent 

corrosion resistance. 

• Strong: Although tensile strength of pure aluminium is not high, mechanical 

properties can be markedly increased by the addition of alloying elements 

and tempering.  

• Strong at low temperature: It increases in tensile strength and retains 

excellent toughness. 

• Easy to work: Aluminium can be easily fabricated, turned, milled or bored 

readily. It is popular choice for complex-sectional hollow extrusions. 

Adhesive bonding is successfully employed.  

• Good heat conductor: It is about three times as thermally-conductive as 

steel. 

• High reflectivity: It is excellent reflector of radiant energy through the entire 

range of wave lengths. It has over 80% of light reflectivity which leads for 

wide usage in lighting fixtures. These reflectivity characteristics also lead 

to its use as an insulating material. 

• Good Electrical conductor: The conductivity of electrical-conductor grade 

(alloy 1350) is about 62% that of the international annealed copper standard. 

Aluminium is only third the weight of copper, which means it conducts 

about twice as much electricity as copper of the same weight. 

• Easy surface treatment 
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• Non-magnetic: Because of this property it is useful for electrical shielding. 

• Non-toxic 

• Easy to recycle: Due to low melting temperature, it is economically 

recyclable, requiring only about 5% the energy required for smelting. It is 

ideal material in this age of energy and resource saving. 

• Sound absorbing 

• Shock absorbing: Due to its low modulus of elasticity. 

• Non-sparking: It is void of sparking properties against itself and other non-

ferrous metals. 

2.4.1 Extruded Aluminium 

Aluminium extrusion is a technique used to transform aluminium alloy into objects 

with a definitive cross-sectional profile for a wide range of uses. We could obtain 

additional features for any product without increase in cost satisfying the fact that 

the feature is in perpendicular to the extrusion plane.  The extrusion process makes 

the most of aluminium’s unique combination of physical characteristics. Its 

malleability allows it to be easily machined and cast, and yet aluminium is one third 

the density and stiffness of steel so the resulting products offer strength and 

stability, particularly when alloyed with other metals. (Spectra, n.d.) 

2.4.1.1 Aluminium 6063 

Aluminium alloy 6063 is a medium strength alloy commonly referred to as an 

architectural alloy. It is normally used in intricate extrusions. It has a good surface 

finish, high corrosion resistance, is readily suited to welding and can be easily 

anodised. (AZO, 2005) Alloy 6063 is a heat-treatable 0.7% magnesium, 0.4% 

silicon alloy offering good mechanical properties commonly available in a wide 

range of extruded sections. Its ready extrudability enables thin walled and intricate 

hollow shapes to be produced: flats, angles, channels and hollow circular and square 

sections are all standard profiles. 6063 responds well to polishing, chemical 

brightening, anodising and dyeing. Similar alloys to 6063 are 6061, 6005 and 

6005A, all of which are possible alternatives. (Atlas, 2013) 

 

Tempers for Aluminium: 

The most common tempers for 6063 Aluminium are: 

• Annealed wrought alloy 

• T4 – Solution heat treated and naturally aged 

• T6 – Solution heat treated and artificially aged 
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Chemical Composition of 6063 Aluminium: 

 
Figure 2-7: Chemical composition of Al 6063 

 

Aluminium 6063 specification: 

• Tensile strength: 190 MPa 

• Yield strength: 160MPa 

• Elongation: 8-10% 

• Density: 2.69 g/cm³ 

• Melting Temperature: 615 °C 

• Thermal Conductivity: 201-218 W/m*K 

• Linear thermal expansion coefficient: 2.34*10⁻⁵ K⁻¹ 

• Specific heat capacity: 900J/Kg*K 

Advantages of Al 6063:  

• It is the most popular alloy for extrusion and so it is natural consideration. 

• It has good corrosion resistance, weldability, workability. 

• With fair Strength and machinability. 

• Main advantage is 6063 aluminium is easier to form into complex shapes  

with smooth surface. It is also very suitable for anodising. 

2.5 Polycarbonates 

An important industrial property of a polymer is its impact strength, the ability to 

dissipate the energy of an impact, through some mechanical loss process, without 

breaking (E.Sacher, 2006). Polycarbonates (PC) are a group of thermoplastic 

polymers containing carbonate groups in their chemical structures. Polycarbonates 

used in engineering are strong, tough materials, and some grades are optically 

transparent. They are easily worked, moulded and thermoformed. It has: 
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• High impact strength 

• High dimensional stability 

• Good electrical properties, amongst several others 

PC is a good material of choice in industry due to its versatile characteristics, eco-

friendly processing and recyclability. They have the unique set of chemical and 

physical properties making them suitable over glass, PMMA, PE, etc. (Omnexus, 

2018) 

• Toughness and High Impact Strength – Polycarbonate has high strength that 

makes it resistant to impact and fracture and hence provides safety and 

comfort in application demanding high reliability & performance. They are 

virtually unbreakable. 

• Transmittance – PC is an extremely clear plastic and can transmit over 90% 

of light as good as glass. PC sheets are available in a wide range of shades 

which can be customized depending on the end-user application. 

• Lightweight – The benefits allow provides OEMs virtually unlimited 

possibilities for design compared with glass. The property allows increased 

efficiency, makes installation process easier and reduces overall 

transportation costs. 

• Protection from UV Radiations – Polycarbonates can be designed to block 

ultraviolet radiation and provide 100% protection from the sun's harmful 

UV rays.  

• Optical Nature - Thanks to its amorphous structure, PC offers excellent 

optical properties. Refractive index of clear polycarbonate is 1.584. 

Translucent plastic product could be produced. 

• Chemical Resistance – Polycarbonate exhibits good chemical resistance 

against diluted acids, aliphatic hydrocarbons and alcohols; moderate 

chemical resistance against oils and greases. PC is readily attacked by 

diluted alkalis, aromatic and halogenated hydrocarbons. Manufacturers 

recommend to clean PC sheets with certain cleaning agents which do not 

affect its chemical nature. It is sensitive to abrasive alkaline cleaners. 

Heat Resistance - Polycarbonates offers good heat resistance and are thermally 

stable up to 135°C. Further heat resistance can be improved by adding flame 

retardants without impacting material properties. 

2.6 Electrical Distribution Components 

The project involves the design and optimisation of electrical connector used in low 

voltage electrical cabinets. Needs basic knowledge about existing components in 

the electrical cabinets. 

2.5.1 Electrical Cabinets 

These are galvanized or painted metal enclosures which houses the different electric 

components used for power transmission. ADI3M connector is used only in SDC 

and CDC cabinets. CDC cabinets have lower width and increased roof space when 

compared to SDC cabinets.  
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Figure 2-8 CDC (left) & SDC (right) (Online, n.d.) 

 

2.5.2 AD300 Connectors used in CDC and SDC 

ABB’s electrical infrastructure uses several connectors such as AD series (AD95, 

AD300, AD400) with electrical cables attached to it to distribute the 3-phase power 

to different terminals. The cables from these connectors spread out as a network of 

electrical supply for various customer installations. These connectors are fitted onto 

the bus bars inside the cabinets which carry electric power. ADI3M connector is 

only used in combination with AD300 connectors. 

 

Figure 2-9 AD300 

2.5.3 Screw and Nut profile 

The main difference between the old and new AD300 connectors pushing for the 

redesign of ADI3M are the difference in the fixing screw ad nut combination. To 

be able to fix the connectors to the bus bars, it requires a specific profile feature to 

grip on to the bus bars. This profile feature is interchanged in the new design 

development of the nut and screw combination. The old design has a profile nut and 



 

16 
 

a regular screw whereas the new design has a profile screw and regular nut. This 

screw and nut change has inspired the bus bar head for our ADI3M connectors. 

 

Figure 2-10 Screw and nut profile (old-left & new-right) 

2.5.4 Busbars 

These are specific shaped extruded aluminium bars fitted into the cabinets which 

receives the current from input connectors and transfers it to the output connectors. 

The ABB bus bars are of different sizes and shapes according to range of rated 

current.  

 

Figure 2-11 Busbar 

2.5.5 VHB Tool 

This is an electrically insulated tool which is used to fit the connectors onto the bus 

bar system. This tool has specially designed 2 interchangeable ends to match the 

heads of the fasteners used in the connectors. 
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Figure 2-12 VHB tool 

2.5.6 ADI3M Connector 

In certain ABB’s trademark cabinets such as CDC and SDC types the bus bars 

carrying current for 3 phase application is closely placed which makes it impossible 

to fix the corresponding connectors (AD300) aligned below each other. This bus 

bar setup is a standard design of ABB Kabeldon type products which needs to be 

retained. To solve this scenario ABB uses an extension connector called ADI3M 

which facilitates the fixation of the 3 AD300 connectors aligned one below other in 

a straight line. 

 

Figure 2-13 Old ADI3M Connector (formerly named as ADB3M) 

2.6 Concept Development 

A product concept is an appropriate description of technology, working principles, 

and form of the product. It is a concise description of how the product will satisfy 

the customer needs. A concept is usually expressed as a sketch or as a rough three-

dimensional model and is often accompanied by a brief textual description. 

(Eppinger, 2012) 

Concept development is a set of activities that are carried out early in the systems 

engineering life cycle to collect and prioritize operational needs and challenges, 
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develop alternative concepts to meet the needs, and select a preferred one as the 

basis for subsequent system or capability development and implementation.  

It consists of three basic steps, they are: 

Concept generation: There is a five-step method for concept generation: (Eppinger, 

2012, p. 120) 

• Clarify the problem – Developing a general Understanding of problem and 

the problem decomposition and focus on critical subproblems is done. 

• Search externally – It is aimed at finding existing solutions to both the 

overall problem and subproblems identified during the problem 

clarification. In this process we must interview lead users, Consult experts, 

Search for patents & published literature and Benchmark related products. 

• Search internally – Brainstorming should be done to find different solutions.  

• Explore systematically – External and internal search activities, the team 

will have collected different concept-solutions to the subproblems. 

Systematic exploration is aimed to navigate the space of possibilities by 

organising and synthesising these concept-solutions. 

• Reflect on the solutions and the process – Identify opportunities for 

improvement in subsequent iterations or future projects. 

 

Concept selection: Concept selection is the process of evaluating concepts with 

respect to customer needs and other criteria, comparing the relative strengths and 

weaknesses of the concepts, and selecting one or more concepts for further 

investigation, testing, or development. (Eppinger, 2012, p. 144) 

 

Concept testing: There is a seven-step method for testing concept, they are: 

(Eppinger, 2012, p. 166) 

• Define the purpose of the concept test. 

• Choose a survey population. 

• Choose a survey format. 

• Communicate the concept. 

• Measure customer response. 

• Interpret the results. 

• Reflect on the results and the process. 

 

2.7 Prototype 

Prototype approximates the product along one or more dimensions of interest. It is 

the process of developing such an approximation of the product. (Eppinger, 2012, 

p. 290) 

Types of Prototype: 

• First dimension is the degree to which a prototype is physical as opposed to 

analytical. Physical prototypes are tangible artefacts created to approximate 

the product. 
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• Second dimension is the degree to which a prototype is comprehensive as 

opposed to focused. Comprehensive prototypes implement most, if not all 

the attributes of a product. It corresponds closely to everyday use of the 

word prototype, in that is a full-scale, fully operational version of the 

product.  

Prototyping Technologies: Different production technologies are used to create 

prototypes, particularly physical prototypes. Two technologies have emerged as 

particularly important in the past 20 years: three-dimensional computer modelling 

(3D CAD) and free-form fabrication. (Eppinger, 2012, p. 301) 

 

• 3D CAD modelling and Analysis: 3D CAD models represent designs as 

collections of 3D solid entities, each usually constructed from geometric 

primitives, such as cylinders, blocks, and holes. The advantages of 3D CAD 

modelling include the ability to easily visualize the three-dimensional form 

of the design; the ability to create photo-realistic images for assessment of 

product appearance; the ability to automatically compute physical 

properties such as mass and volume; and the efficiency arising from the 

creation of one and only one canonical description of the design, from which 

other, more focused descriptions, such as cross-sectional views and 

fabrication drawings, can be created.  

CAD model quality in parametric design scenarios largely determines the 

level of flexibility and adaptability of a 3D model (how easy it is to alter the 

geometry) as well as its reusability (the ability to use existing geometry in 

other contexts and applications). In the context of mechanical CAD systems, 

the nature of the feature-based parametric modelling paradigm, which is 

based on parent–child interdependencies between features, allows a wide 

selection of approaches for creating a specific model. (Jorge D.Camba, 

2016) 

An empirical model for multilevel interconnect capacitance is presented. 

This is the first model that allows designers to compute capacitances of 

arbitrary complex metal geometries. Such flexibility is achieved by a novel 

strategy of constructing complex geometries from simple primitive cells. 

Agreement with accurate simulations and measurements is within 8% over 

an extensive range of dimensions. (J.-H. Chern, 1992) 

 

• Free-form fabrication: Free-form fabrication technologies enable realistic 

3D prototypes to be created earlier and less expensively than was possible 

before. When used appropriately, these prototypes can reduce product 

development time and/or improve the resulting product quality. 3D printer 

we used was finder forge.  

A system for solid free form fabrication of three dimensional objects can 

comprise a particulate composition, a substrate configured for supporting at 

least a layer of particulate composition in defined region, and a liquid phase 

binder configured for being jetted in defined region to polymerize at least a 

portion of particulate composition to form a polymeric cement. (Chistopher 

Oriakhi, 2008) 
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A method of free form fabrication of metallic components, typically using 

computer aided design data, comprises selective laser binding and transient 

liquid sintering of blended powders. The powder blend includes a base 

metal alloy, a lower melting temperature alloy, and a polymer binder that 

constitutes approximately 5-15% of the total blend. A preform part is built 

up, layer-by-layer, by localized laser melting of the polymer constituent, 

which rapidly re-solidifies to bind the metal particles. The binder is 

eliminated from the preform part by heating in a vacuum furnace at low 

atmospheric pressure. The preform part may require support during 

elimination of the polymer binder and subsequent densification by 

controlled heat treatment. (Clifford C. Bampton, 1998) 

Finder is the easiest to use 3D printer so far. It is fully assembled. And now 

with its assisted levelling system, you just need to do very few tweaks before 

starting prints. Featured with a 3.5in touchscreen panel, filament run-out 

detection, USB stick and 2nd generation wi-fi connection and more, Finder 

delivers you a top-notch user experience that any other 3D printers cannot. 

(Finder 3D printer, n.d.)  

 
Figure 2-14 Flash Finder 
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3. Method 
In this chapter we discuss how the project is carried out and methods followed. The 

project involves design optimisation and testing of the electrical connectors used in 

cable distribution cabinets.  

3.1 Process flow chart 

 

Figure 3-1 Process flowchart  

Task

• Plan and clarify task

• Find and select product ideas

• Elaborate requirements list

Requirments list (Design specification)

• Develop principle solution

• Identify essential problems

• Combine and firm up into concept variants

• Evaluate against technical and economic critreria

Principle Solution (Concept)

• Preliminary form design, material selection and calculation

• Refine and improve results

• Evaluate against technical and economic critreria

Preliminary layout

• Eliminate weak spots

• Check for errors, distributing influences and minimise costs

Definitive layout

• Prepare production and operating documents

• Elaborate detail drawings and parts list

Product documentation

Solution
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3.2 Chosen techniques for this Project 

The methodology chosen for this project depends on three main sections: 

• Quality functional deployment (QFD): This method helps us to transform 

the voice of the customer (VOC) into engineering characteristics for a 

product. It is a method to transform qualitative user demands into 

quantitative parameters, to deploy the functions forming quality, and to 

deploy methods for achieving the design quality into subsystems and 

component parts and ultimately to specific elements of the manufacturing 

process.  

• Concept Generation: For generating the concept we used Morphological 

technique. The technique uses the functions identified to foster ideas. It is 

very powerful method that can be used formally or informally as part of 

everyday thinking. It consists of three steps decompose the function, 

develop concept for each function and combine concepts.  

Morphological Matrix 

Product: ADI3M 
    

Functions Concept 1 Concept 2 Concept 3 Concept 4 

Easy product handling 

within both SDC and 

CDC 

 

Flip the 

metal part 

opposite to 

the cabinet 

roof 

Introduce a 

third metal 

part to gain 

more space 

in the 

cabinet 

 

Compatible interface 

with both old and new 

AD300  

Introducing bus 

bar profile in 

the contact 

region 

   

Develop a hybrid 

design 

combination of 

AD300 and 

ADI3M. 

(Eliminates 

AD300 from the 

system) 

Raw material with good 

electrical conductivity 

and less power loss 

Aluminium 

metal with 

increased cross-

sectional area 

for heat 

dissipation 

Aluminium 

metal in 

ideal cross-

sectional 

area 

Brass Copper 
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Transparent plastic cover 

with increased stiffness 

ABS- Less 

translucent but 

more stiffness 

 

PC- 

Translucent 

and brittle 

 

 

• Concept evaluation and selection: The Decision matrix – Pugh’s method is 

used for evaluation and finalising the concept. It is an iterative evaluation 

method that tests the completeness and understanding of criteria, rapidly 

identifies the strongest alternatives, and helps foster new alternatives.  

The issue: 
 

1. Easy handling of the product 

within the SDC and CDC 

cabinets 

2. Possibility of cost reduction  

3. Compact product 

The alternatives: 
 

1. Concept 3 with metal connector for all three 

terminals. Better gap tolerance and less tilt 

angle. 

 

2. Concept 2 with metal connector for 2 

terminals. Tight gap tolerance and steep tilt 

angle. 

 The criteria: 
 

 

 

1. Develop a 

compatible 

interface 

with both 

old and 

new 

AD300 

connector 

  

Develop 

relevant 

importance 

weightings: 
 

1. Save the cost 

for 

company’s 

sustainability 

in market 

2. Reduce price 

to attract 

more 

potential 

customers 

3. Easy 

handling and 

compact 

product. 

Evaluate alternatives from saving cost; more 

attractive outlook and better user experience: 

 

1. Concept3 is more expensive due to 

introduction of additional metal connector 

2. Concept 2 is compact and easy handling 

3. Concept 2 has less gap tolerance but enough 

to handle from within the cabinet frame 

Compute the satisfaction and decide what to do next: 
 

1. Satisfied with the close tolerance posed in the concept 2 

2. Satisfied with the handling of the concept 2 inside the cabinet 

3. Satisfied with product compactness  

4. Reduced product cost 
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3.3 Preparation and Data Collection 

We have taken guidance for completion of the thesis from our Industrial Supervisor 

Mr. Fredrik Axelsson and our University Supervisor Mr. Håkan Petersson. This 

project required the complete understanding of the various concepts of the 

connectors used in CDC and SDC. Our Industrial supervisor provided the design 

requirements and criteria upon which the final CAD design was generated using the 

CAD software CREO. Followed by construction of the proto type by using the 3D 

printing technology. Later the generated final design was analysed for structural 

stability using the ANSYS software.  
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4. Results 
In this chapter different design concepts generated, and analysis of finalised design 

concept are discussed. As a part of concept generation stage, we came up with 4 

different design proposals out of which the best feasible one was chosen by 

conducting a design review meeting with the R&D engineers. 

4.1 Different design concepts of ADI3M connectors 

To solve the problem statement, we came up with a design proposal which would 

solve the interface problem and reduce cost accordingly. We proposed a bus bar 

interface head integrated onto the ADI3M design to make this product compatible 

with both the old and new AD300 connectors. Further we proposed to replace the 

brass metal components of ADI3M to aluminium which reduce the product cost 

greatly.  

      

Figure 4-1 Prototype of Finalised concept 

Concept 1:  

This concept has a single metal piece design which could be used in 2 bus bars. In 

this design we would need only one extrusion tool which would make it much easier 

for production and have better quality control over it. The metal parts were designed 

to be suitable for aluminium extrusion process. The bus bar interface head was 

given a perfect tilt and elevation to make it compatible inside both CDC and SDC 

cabinets.  

 

Figure 4-2 Concept 1 (CDC) 
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Figure 4-3 Concept 1 (SDC) 

This concept was rejected considering that only one interface head could be used at 

a time and the other remains idle which does not look functionally impressive. 

Further the idle interface head has the risk of creating an arc along with the adjacent 

head resulting in a short circuit. Also, the VHS tool seem to have a very small 

interference gap between the roof of the SDC cabinet.   

Concept 2:  

In this design concept the tilting direction of the metal part for the first bus bar was 

flipped when compared to the concept 1. This design difference provided a huge 

interference gap between the roof of the SDC cabinet and the VHS tool. It facilitated 

easy working of the tightening tool. In this design due to the less gap between the 

adjacent connectors we had to have a higher elevation and steep angle to be able to 

fit the cable without interfering with other components. Due to this steep angle and 

higher elevation the ADI300 connector tip was too close to the door panel and the 

gap between the adjacent connectors was too narrow.  

 

Figure 4-4 Concept 2 (CDC) 
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Figure 4-5 Concept 2 (SDC) 

But still this design seemed to be promising for the R&D engineers and most of 

them believed based upon their experience that these small gaps would be fine. 

Thus, we decided to do first level of prototyping for this concept.  

This concept was finalised and 2D drawings are attached in Appendix 3. 

 

Concept 3: 

To create a comfortable gap between the adjacent connectors and to the cabinet 

door panel we came up with the concept of introducing 3 metal parts, one for each 

bus bar. With the help of the 3rd metal part we could move the last connector a bit 

further away and below, which relaxed the constraint of having a steep angle and 

high elevation in the first two metal parts.  

 

Figure 4-6 Concept 3 (CDC) 
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Figure 4-7 Concept 3 (SDC) 

This concept had comfortable interference gap between the enacting components. 

Thus, we decided to do first level of prototyping for this concept. 

Concept 4: 

This concept was much different from the others in the base idea. Instead of having 

a separate extension connector like ADI3M, we proposed a hybrid design of AD300 

and ADI3M. We proposed to redesign the AD300 connectors metal parts are shown 

in the figure (4-0-8). This design introduced a completely new product and 

eliminated the new AD300 and ADI3M from the usage.  

 

Figure 4-8 Concept 4 (CDC) 
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Figure 4-9 Concept 4 (SDC) 

This proposed design of AD300 would comfortably fit into the cabinet bus bar 

system without any interference issues. But since this design proposal would 

diminish the scope for the newly developed AD300 connectors, we did not proceed 

with this concept. 

4.2 Analysis 

Concept 2 was finalised with the help of morphological matrix and we did analysis 

using ANSYS software for the finalised design concept of ADI3M connectors. The 

results are as follows: 

a)  ANSYS results for the part below (see Appendix 1)                          

 

Figure 4-10 3D model Part1 

Maximum deformation: 3.60 mm 

Maximum equivalent stress: 632.86 MPa 
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Factor of safety: 7.23 

 

b) ANSYS results for the part below (see Appendix 2) 

            

Figure 4-11 3D model Part2 

Maximum deformation: 1.7641mm 

Maximum equivalent stress: 513.35 MPa 

Factor of safety: 9.65 

 

4.3 Testing 

Different test must be conducted for the products like mechanical ability testing, 

electrical testing, IP testing and Interface testing.  

4.3.1 IP testing 

Using the standard test finger the IP2X test was done for the prototypes of the 

product and it was satisfied. 

           

Figure 4-12 IP testing for the Prototype       
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4.4 Discussion 

• We finalised design concept 2 because it has minimised gap tolerance, 

material usage and number of parts are also less.  

• The FoS is very high and it is understandable that the product is over 

dimensioned for the mechanical strength, but we require certain minimum 

cross-sectional area to be able to transfer the rated current(500A) with 

minimum power loss and heat generation.   

• The bus bar head design for the connectors to be the only promising option 

to make the ADI3M compatible with both old and new AD300 connectors. 

• The requirement for a translucent plastic cover was put forth to make the 

aesthetic appearance of ADI3M aligned with the other interfacing 

components. 

• The design outline for the plastic cover had to be aligned with the AD300 

connectors aesthetically also to provide similar IP protection. 

• The VHB accessing points and positions were defined according to 

previously proven design solutions. 

• The contact regions between the AD300 at head portion and contact regions 

between the bus bars at tail portion were redesigned similar to the existing 

product interface. 
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5. Conclusions 
In this chapter, the conclusion drawn from the methodologies followed during 

thesis work are discussed. ADI3M connector which is used in electrical distribution 

cabinet was redesigned and developed using different product development 

methods, CREO and ANSYS software’s. 

5.1 Conclusions 

• Different methods of product development process were studied. The 

Engineering design process by G. Pahl was followed.  

• Morphology method helped us to generate different concepts which meets 

required criteria for the design. The important criteria were, to satisfy 

interference gap between the enacting components and to meet IP2X 

protection rating in the design. 

• Using the decision matrix method, we finalised the concept that satisfies the 

criteria’s and which meets all the design requirements.  

• Power loss in Aluminium6063 is lesser than Extruded Brass. Therefore, the 

temperature rise in the product is also reduced. Because temperature is 

dependent on power dissipated and thermal resistance (see Appendix 3). 

• Using analysis software, we found where more stress and deformation is 

acting on the product. 

• 3D printing was done for the finalised concept and installation of the same 

in electrical cabinet was done. 

 

5.1.1 Recommendation to future activities  

In proposed concepts, the fourth concept was different on base idea. It was hybrid 

design of AD300 and ADI3M connectors. The design concept introduced a 

completely new product and eliminated the new AD300 and ADI3M from the 

usage. This proposed design of ADI3M hybrid would comfortably fit into the 

cabinet bus bar system without any interference issues. This hybrid concept would 

have simplified functionality and better product handling. By eliminating one 

product we can drastically reduce the overall product cost. 
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6. Critical review 
The results obtained, and conclusions made in the thesis is based on the research on the 

product development process, guidance from our supervisors and our previous 

experience.  

Health and safety: The product developed is IP2X protected. IP protection is critical to 

fostering innovation. Without protection of ideas, business and individuals would not 

reap the full benefits of their innovations and would focus less on research and 

development.  

Economic and Environmental aspects: Aluminium 6063 material was chosen because 

of its environmentally friendly characteristics. For example, it does not contain lead 

components as compared to the brass alternative. It is one amongst the most 

environmentally friendly metals on the planet. On percentage basis, it is most recycled 

of any industrial metal. It is unique and 100% recyclable. It has better current carrying 

properties and good heat dissipation tendency than brass which is a more critical 

requirement for the product. When compared to copper it is much less in cost and light 

weight. Extraction and processing of aluminium is much easier than the copper and 

brass alternatives.  

Polycarbonates are preferred for its better stiffness and translucent nature which was a 

definitive product requirement. Tensile strength is a measure of a material's ability 

to stretch without breaking. This means that polycarbonate is more than 200 

times stronger than polyethylene and is well suited to applications where 

durable materials are required. It also has better heat bearing tendency. 

 

Ethical: We should value engineering ethics which is very important in engineer’s 

life. We consider it as more important for engineering firms to reflect upon this 

aspect more than for mere economic gains. We find this culture existing in the firm 

ABB AB, Sweden which gives us more pleasure. 

The engineering design process prescribed by Phal, Morphological matrix and the 

decision matrix techniques which were followed helped us to get the required 

results. This study helped us to understand the design process and know what all 

the important aspects are to be considered while designing a product. 
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Appendix 1 

 

  

 

Model (A4) > Static Structural (A5) > Solution (A6) > Total Deformation > Image 

 

Time [s] Minimum [mm] Maximum [mm] Average [mm] 

1. 0. 3.6069 0.72057 
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Model (A4) > Static Structural (A5) > Solution (A6) > Equivalent Stress > Image 

 

Time [s]  Minimum [MPa] Maximum [MPa] Average [MPa] 

1.  1.5322e-002 632.86 58.397 

Model (A4) > Static Structural (A5) > Solution (A6) > Stress Tool > Safety Factor > 
Image 

 

 

Time [s] Minimum Maximum Average 

1. 0.33815 15. 7.2379 

Model (A4) > Static Structural (A5) > Solution (A6) > Stress Tool > Safety Margin 

Time [s] Minimum Maximum Average 

1. -0.66185 14. 6.2379 
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Appendix 2 

 

  

 

Model (D4) > Static Structural (D5) > Solution (D6) > Total Deformation > Image 

 

Time [s] Minimum [mm] Maximum [mm] Average [mm] 

1. 0. 1.7641 0.23139 
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Model (D4) > Static Structural (D5) > Solution (D6) > Equivalent Stress > Image 

 

Time [s] Minimum [MPa] Maximum [MPa] Average [MPa] 

1. 1.437e-002 513.35 35.135 

 

Model (D4) > Static Structural (D5) > Solution (D6) > Stress Tool > Safety Factor > 
Image 

 

 

Time [s] Minimum Maximum Average 

1. 0.41687 15. 9.6558 

Model (D4) > Static Structural (D5) > Solution (D6) > Stress Tool > Safety Margin 

Time [s] Minimum Maximum Average 

1. -0.58313 14. 8.6558 

 
 



 

40 
 

Appendix 3 
Power loss calculation 

a) Resistivity in aluminium, RAl 

𝑅Al = 𝜌𝐴𝑙 ∗
𝑙

𝐴𝐴𝑙
 

Where, 𝜌𝐴𝑙 is resistivity of aluminium  

 𝐴𝐴𝑙 is cross-sectional area of metal part 

 𝑙 is length of metal part 

𝑅Al = 𝜌𝐴𝑙 ∗
𝑙

𝐴𝐴𝑙
 

               =
3.3∗10−8∗94.65∗10−3

308.2∗10−6
 

                    𝑹𝐀𝐥 = 𝟏. 𝟎𝟏𝟑𝟒 ∗ 𝟏𝟎−𝟓 

Power loss, PAl 

𝑃Al = 𝑅Al ∗ 𝐼2 

                   = (1.0134 ∗ 10−5) ∗ 5002 

              𝑷𝐀𝐥 = 𝟐. 𝟓𝟑 𝑾 

b) Resistivity in brass, RBr 

𝑅Br = 𝜌𝐵𝑟 ∗
𝑙

𝐴𝐵𝑟
 

Where, 𝜌𝐵𝑟 is resistivity of Brass  

 𝐴𝐵𝑟 is cross-sectional area of metal part 

 𝑙 is length of metal part 

          𝑅Br = 𝜌𝐵𝑟 ∗
𝑙

𝐴𝐵𝑟
 

               =
9∗10−8∗95∗10−3

450∗10−6
 

                    𝑹𝐀𝐥 = 𝟏. 𝟗 ∗ 𝟏𝟎−𝟓 

Power loss, PBr 

𝑃Br = 𝑅Br ∗ 𝐼2 

                   = (1.9 ∗ 10−5) ∗ 5002 

              𝑷𝐁𝐫 = 𝟒. 𝟕𝟓 𝑾 

 Power loss in Aluminium 6063 is approximately 1.8 times less than brass. 

𝑷𝐁𝐫 = 𝟏. 𝟖 𝑷𝐀𝐥 
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